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This invention relates fo the synthesis oï long- 
chain difunctional compounds. More particu- 
larlythe invention relates fo an lmproved sim- 
ple method .for the preparation of long-chain 
aliphatic difunctional compounds containing 
eiglt or more carbon atoms. 
Long-chain difunctional compounds such as 
dibasic acids, diamines, diketones, dinitriles and 
like compounds have been ïound to be oï great 
utility in preparing high-molecular weight con- 
densation polymers. In particular, polyesters 
and polyamides are very useïul for synthetic 
fibers and monofils, unsupported films, coated 
ïabrics, molding resins, adhesives and like uses. 
These long-chain difunctional high polymer 
termediates, however, can only be synthesized 
by costly methods and consequently their use 
has been limited. The purpose of this inven- 
tion is to provide new and more economical 
methods ïor their preparation. 
In accordance with this invention, long-chain 
difunctional compounds are prepared in one 
step by heating, ai a temperature above ifs ther- 
mal decomposition temperature and in the sub- 
stantial absence of oxygen, a dicyclic peroxide 
in which the peroxide group serres as a direct 
bridge between the two cyclic structures and in 
which each of the cyclic structures contains from 
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where X is a radical of the group consisting 
of hydroxyl, cyano, phenyl, halogen groups, al- 
koxy groups containing no more than 4 carbon 
atoms, and alkyl groups containing no more than 
5 4 carbon atoms, and R is a divalent radical con- 
taining from 3 to 9 carbon atoms in the un- 
substituted portion of the diradical. The Proc- 
cess may be illustrated by the following equa- 
tion: 
]0  0--0 X 0 0 
\c / \c / - x-----x 
() () 
15 ïn each instance, the divalent radical R may 
consist of unsubstituted methylene groups or if 
may ,contain one or more substituents of the 
group consisting of methyl, ethyl, propyl, butyl, 
benzyl, phenyl, cyclohexyl, chloro» fluoro, hy- 
20 droxy, methoxy, carboxy, carbalkoxy and keto. 
Alternately, the divalent radical I may con- 
tain one or more non»aromatic double bonds, 
or a phenyl or cyclohexyl substituent, for 
stance, may form a part 0f the primary ring 
25 structure. The two divalent groups in a given 
compound may be the same or different. 
amples of various suitable divalent radicals 
clude for instance, 

--( CHD--, --( CHD--, --( CH2)--, --( CHD--, --CH=CH(CH) CHCH--,--CHCHCHC (CH)r-- 
CE--CH CH--CH 
--CHr--CH--CH--CHr-- --CH=C--C  CH --CC--CHr-C  CH 
c c , c c c=c ,  % c=c 
. , CH--CH 
--CH--CC--CHCH --CC--CHCHCH --CH--CH--CHCH-- 
HC / CH , HC / CH , C 
CH--C   k 
CH--CE CH--CH 
O 
--C FC F2--C FC F2--, --CH2--CHCH2--, --CHCH (O CHs) CHCH 
--CHCH( OH) CHiCHe, --CH--C HCH--, --CHCH=CH--CH 
0 
-- H2CH(--OCHs)CH2CH--,--CHCH(0H)CH2CH-- 
e nd like structures. 
5 In  prticulr nd preïerred emoEment of 
this invention, 1,1'-dihyoxycyclopentyl per- 
oxide is heted te  temperture bove I00  C. 
fo produce sebcic cld. 
 nother prticulr nd preïèed embooE- 
0 ment of the invention, L1'-oEhyoxydicyclo- 

4 fo 10 carbon atoms in the primary ring. 
dicyclic peroxides have the formula: 
X 0--0 X 
\ / \c / 
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hexyl peroxide is heated at a temperature above 
100 ° C. fo produce dodecanedioic acid in one 
step. 
The dicyclic peroxide compounds employed as 
starting materials herein may be readily pro- 5 
pared by addition of hydrogen peroxide to the 
keto group of a suitable cyclic ketone, in 
cerdance with the following formula: 
0 HO 0--0 OH 
+ ]o ----- \c / \c / I0 
as described in U. S. Patent 2,298,405, or by 
peroxidation of a tertiary hydrogen atom 
CH3 H CH3 0--0 
\C/ HBr \C / \C / 
4 ÷ 30  2 -}- 
q) () () 
20 
as described in U. S. Patent 2»343,888. Other 
methods common fo the art include the esteri- 
fication of a hydroperoxide with an alcohol, 
metathesis between an alkali salt of a hydroper- 
oxide and a halogen atom, addition of a hy- 25 
droperoxide to an olefin double bond, and the 
condensation of two hydroperoxide groups with 
the elimination of hydrogen peroxide as de- 
scribed in U. S. Patent 2,552,016. 
We have round surprisingly that, when the dis- 30 
closed dicyclic peroxide compounds are heated 
above their decomposition temperature in the ab- 
sence of oxygen, decomposition of the peroxide 
linkage occurs followed by dimerization fo a di- 
functional compound as represented in the fol- 35 
lowing equations: 
HO 0--0 OH 
\c / \o / o o 
cm  o(cm)-(cm),o o 
CE[.-, 
CH30 0--0 0GH 
\c / \c / 45 
/ C/H \CH 200° C' 
CH \CH3 
C. 

0 0 

5O 

4 
obtained can be heated with loss of two moles of 
carbon monoxide fo give a dinitrile which can be 
hydrogenated fo a long-chain primary diamine. 
The conversion of the dicyclic peroxide com- 
pounds fo long-chain difunctional derivatives 
can be carried out in the vapor phase, in bulk, i. e., 
in the absence of a solvent, or in the presence of 
water or a solvent. Solvents which may be em- 
ployed include methanol, ethanol, tertiary butyl 
alcohol, benzene, dimethyl ether, diethyl ether, 
methyl acetate, acetone, dioxane, cyclohexane and 
the like, and mixtures thereof,together with water 
if desired, the preferred solvents being benzene 
and tertiary butyl alcohol. The reaction medium 
should be one which is relatively inert to free 
radical attack under the conditions employed. 
Temperatures in the range of 75 ° C. fo 350 ° C., 
or higher, are suitable. Preferably temperatures 
of about 100 ° C. fo 300 ° C. are employed. The 
action may be carried out under basic, neutral, or 
acidic conditions. A wide range of pressures 
may be employed. Autogenous pressures or 
higher superatmospheric pressures may be 
vantageous where, for instance, it is desired to 
maintain the liquid phase. 
The difunctional compounds prepared by this 
invention can readily be separated from the 
action mixture by conventional methods such as 
in the form of salts of the carboxylic acid, by 
distillation, by ion exchange techniques, by ex- 
traction, by adsorption, by esterhïcation, by hy- 
drolysis of esters to free acids, and the like. 
If is essential that all but traces of oxygen be 
absent, since oxygen inhibits the dimerization 
stop until if has been uSed up, thus decreasing 
the yield fo difunctional compound. Caution 
should be observed in handling any dicyclic per- 
oxide since some members of the series are highly 
explosive and are sensitive fo shock. 
Further details of this invention are set forth 
in the following examples which are intended fo 
illustrate the invention, but not to restrict its 
scope. 
Example 1.--Ton grams of l,l'-dihydroxydi- 
cyclohexyl peroxide-l,l' in 50 ml. of benzene was 
placed in a 325 ml. stainless steel shaker tube, 
flushed with nitrogen and evacuated fo remove 
the remaining oxygen. The tube was then rap- 
idly heated to 350 ° C. and allowed fo cool to room 
,temperature. The contents were thon discharged 
and the benzene evaporated off of the crude 
basic acid. The dibasic acid was thon dissolved 
in dilute aqueous sodium hydroxide, ltered and 
precipitated with dilute hydrochloric acid. The 
dibasic acid obtained was thon recrystallized from 
hot water. Yield=3.4 grains of dodecanedioic 
acid (HOOC(CH)loCOOH) identifled by its 
melting point of 127 ° C. and its mixed melting 
point of 127 ° C. with an authentic sample of do- 
decanedioic acid and ifs neutral equtvalent of 115. 
Example 2.--Example 1 was repeated during 
using 50 ml. of deoxygenated water in place of 
the benzene. Yield=2.9 grains of dodecanedioic 
acid. 
Example 3.1Example 1 was repeated using rive 
grams of 1,1'-dihydroxydicyclopentyl peroxide- 
1,1' in place of the 1,1'-dihydroxydicyclohexyl 
peroxide-l,1. A 3.2 grain yield of sebacic acid 
was obtained which was identifled by ifs mlxed 
melting point with an authentic sample of sebacfc 
acid. 
Example 4.--Twenty-flve grains of 1,1'-di- 
methyldicyclopentyl peroxide-l,l' was added 
dropwise under a blanket of nltrogen to a flask 
immersed in a Wood's moral bath at 200 ° C. over 
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a rive-minute period. The residue was then dis- 
solved in hot acetone, treated with carbon black, 
filtered and cooled. The crystalline compound 
obtained in 5.6 grain yield had a melting point of 
68 ° C. and was identified as dodecanedione-2,11 5 
by ifs oxidation to sebacic acid with sodium hypo- 
bromite. 
Example 5.--Example 4 was repeated using ten 
grains of 1,1'-dimethoxydicyclopentyl peroxide- 
1,1' in place of the 1,1'-dimethyldicyclopentyl lO 
peroxide-l,l'. The yield was 6.4 grains of di- 
methyl sebacate. 
The process of this invention can be carried out 
batchwise, semi-continuously or continuously. 
For reasons of safety itis preferred to carry out 
the reaction in a tubular reactori the cold di- 
cyclic peroxide being fed into a small bore re- 
actor heated fo 75 ° to 350 ° C. or higher, the tem- 
perature depending upon the length of the re- 
actor and the hall-lire decomposition rate of the 20 
cyclic peroxide, so that no appreciable undecom- 
posed peroxide builds up in the product isolation 
system. 
I claire: 
1. A process which comprises heating, at a 25 
temperature of from about 75 ° to 350 ° C. and in 
the substantial absence of oxygen, 1,1'-dihy- 
droxydicyclohexyl peroxide-l,l' and separating 
dodecanedioic acid from the reaction mixture. 
2. A process which comprises heating, at a 30 
temperature of from about 75 ° to 350 ° C. and in 
the substantial absence of oxygen, 1,1'-dimeth- 
oxydicyclopentyl peroxide-l,F and separating 
methyl sebacate from the reaction mixture. 
3. A process which comprises heating, at a 35 
temperature of from about 75 ° to 350 ° C. and in 
the substantial absence of oxygen, 1,1'-dimethyl- 
dicyclopentyl peroxide-l,l' and separating dodec- 
anedione-2,11 from the reaction mixture. 
4. A process which comprises heating, at a 40 
temperature of from about 75 ° fo 350 ° C. and in 
the substantial absence of oxygen, 1,1'-dihy- 
droxydicyclopentyl peroxide-l,1  and separating 
sebacic acid from the reaction mixture. 
5. A process which comprises heating, at a 
temperature above ifs decomposition tempera- 
ture and in the substantial absence of oxygen, a 
dicyclic peroxide compound containing two cyclic 
structures, each of which contains from 4 to 10 
carbon atoms in the primary ring, said cyclic 5o 
structures being directly united to each other 
through an oxygen-oxygen bridge and containin 
on the saine cyclic carbon atoms as the peroxy- 
gen linkage a functional group, and separating 
from the resulting reaction mixture a straight- 55 

6 
chain difunctional compound containing the 
saine number of carbon atoms as the original di- 
cyclic peroxide and in which the two functional 
groups are the saine as the functional groups on 
said original peroxide compound. 
6. A process which comprises heating, at a 
temperature of from 75 ° C. to 300 ° C. and in the 
substantial absence of oxygen, a dicyclic peroxide 
compound containing two cyclic structures, each 
of which contains from 4 to 10 carbon atoms in 
the primary ring, said cyclic structures being di- 
rectly united fo each other through an oxygen- 
oxygen bridge and containing on the saine cyclic 
carbon atoms as the peroxygen linkage a func- 
tional group, and separating ïrom the resulting 
reaction mixture a straight-chain difunctional 
compound containing the saine number of car- 
bon atoms as the original dicyclic peroxide and 
in which the two functional groups are the saine 
as the functional groups on the said original per- 
oxide compound. 
7. A process which comprises heating, at a 
temperature above ifs decomposition tempera- 
ture, in the substantial absence of oxygen, and 
in the presence of a reaction medium relatively 
inert to free radical attack, a dicyclic peroxide 
compound containing two cyclic structures, each 
of which contains from 4 to 10 carbon atoms in 
the primary ring, said cyclic structures being di- 
rectly united to each other through an oxygen- 
oxygen bridge and containing on the saine cyclic 
carbon atoms as the peroxygen linkage a func- 
tional group, and separating from the resulting 
reaction mixture a straight-chain difunctional 
compound containing the saine number of carbon 
atoms as the original dicyclic peroxide compound 
and in which the two functional groups are the 
saine as the functional groups on said original 
peroxide compound. 
MILTON J. ROEDEL. 
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